Background and aim: Tripartite motif containing (TRIM) family protein has been involved in multiple pathogenesis of cancers. TRIM2 is a member of the family, and its role in clear cell renal cell carcinoma (ccRCC) remains to be unclarifid. Here, we showed the clinical value and biological role of TRIM2 in ccRCC. Methods: ROC curves analyzed the clinicopathological parameters, Kaplan-Meier survival analysis determined the correlation of OS and DFS time, multivariate analysis demonstrated the prognostic indicator in overall survival and disease-free survival of ccRCC with TRIM2 expression in The Cancer Genome Atlas Kidney Clear Cell Carcinoma (TCGA-KIRC) database. Western blotting and immunohistochemistry were used to check the level of TRIM2 expression. Gain-of-function assay by exogenous overexpression of TRIM2 studied the biological role of TRIM2 in renal cell carcinoma cells. Results: TRIM2 expression was associated with various clinicopathologicalfactors and lower TRIM2 expression was interrelated to a poor prognosis. The levels of TRIM2 expression were also scanty in ccRCC tissues and renal cancer cell lines than in normal control. The biological role of TRIM2 in ccRCC was identifid by bioinformatics analysis and functional analysis. Exogenous overexpression of TRIM2 with the gain-of-function assay in renal cell carcinoma cells showed that the cell proliferation, migration, and invasion were signifiantly suppressed. Conclusion: These results showed that TRIM2 acted as an antitumor gene and a specifi prognostic indicator for patients with ccRCC, which indicated that positive modulation of TRIM2 might be a novel treatment strategy for ccRCC.
Introduction
Renal cell carcinoma (RCC), which accounts for 3.79% in all adult malignancies, is the most common and lethal adult kidney malignancy. 1 There are 65,340 new cases and 14,970 deaths estimated for 2018 in USA.
drugs based on the tyrosine kinase inhibitor (TKI), which is a specific molecular target drugs. 9, 10 Unfortunately, because of intrinsic resistance or acquired resistance, TKI-treated ccRCC patients still develop poor clinical progression. 11 It is essential to explore more effective prognostic molecular biomarkers and its molecular mechanisms underlying tumor progression and metastasis to evaluate and manage patients with ccRCC.
In recent years, the novel tumor promoters or tumor suppressors' role of tripartite motif containing (TRIM) proteins in various cancers has attracted much attention to different tumor researchers. 12, 13 TRIM protein has been widely reported to have an extensive range role in biological processes of autophagy, inflammation, immunity, and cancer.
14 NHL is the subgroup of TRIM protein, which contains four mammalian paralogs (TRIM2, TRIM3, TRIM32, and TRIM71), and TRIM3 acts as tumor suppressor, can block tumor growth by preventing cyclin D1-cdk4 accumulation through sequestering p21 in glioblastomas, and also can regulate stem cell factors and epithelial-mesenchymal transition (EMT) regulators in gastric cancer. 15, 16 TRIM2 has been verified with weird pathogenesis in multiple cancers. As a binding partner protein of TRIM2, TRIM8 is downregulated in glioma and affects cancer cell proliferation and associated with patients' survival. 17 Recently, TRIM8, which can stabilize p53, has been considered as a new p53 modulator and has an antiproliferative role in chemo-resistant RCC, but the expression and the role of TRIM2 in ccRCC still remain to be unknown. 18 In this study, we investigated the expression of TRIM2 with clinicopathological features and patient's survival in an integrate investigation system including The Cancer Genome Atlas (TCGA) database, clinical ccRCC tissues, gene set enrichment analysis (GSEA), and the biological function in cellular models. Our study demonstrated that TRIM2 acted as an antitumor gene and low TRIM2 expression predicts poor progression.
Patients and methods

Patient samples
Surgical specimens (paired human ccRCC tissues and adjacent noncancerous tissues) were obtained from 48 patients between 2017 and 2018 in the Department of Urology, The First Affiliated Hospital of Xiamen University. Resected tissues were first frozen into liquid nitrogen and then stored at -80°C for further experiment. Informed consent was obtained from patients, the procedures of experiment and study were approved by the Institutional Review board of Xiamen University, and all patients provided written informed consent, in accordance with the Declaration of Helsinki.
Rna extraction and qRT-PCR
Tissue RNA was extracted according to the instructions of manufacturer with the TRIzol reagent (Thermo Fisher Scientific, Waltham, MA, USA). The purity and concentration of the RNA solution were tested by NanoDrop 2000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). qPCR analysis was performed according to the instructions of manufacturer (LightCycler 480II; HoffmanLa Roche Ltd., Basel, Switzerland) with SYBR Green mix (Thermo Fisher Scientific). Relative expression of TRIM2 was calculated by 2 −ΔCt (ΔCt = Ct TRIM2 -Ct GAPDH ). Primers were purchased from GENEWIZ (Suzhou, China): TRIM2, (forward) 5′-TGGAGAAGGAAATGGGCATG-3′ and (reverse) 5′-CTGCAACCACAACATGCACCA-3′; GAPDH, (forward) 5′-GAGTCAACGGATTTGGTCGT-3′ and (reverse) 5′-GACAAGCTTCCCGTTCTCAG-3′.
immunohistochemistry (ihC)
Adjacent normal tissues and ccRCC tissues were fixed in formalin, dehydrated, embedded, and then incubated with primary rabbit TRIM2 polyclonal antibody (1:100; A14394; ABclonal Biotech Co., Ltd., Wuhan, China) at 4°C overnight. The sections were washed three times with PBS and, then, incubated with goat antirabbit secondary antibody (1:200; GB23303; Servicebio, Inc., Woburn, MA, USA) for 2 hours at room temperature.
Cell culture and transient transfection
The renal cancer cell lines of human, such as HK2, 786-O, ACHN, and OSRC-2, were purchased from the American Type Culture Collection (ATCC) (Manassas, VA, USA). Cancer cells were cultivated in high-glucose DMEM (Wuhan Boster Biological Technology, Ltd., Wuhan, China), which contained 10% FBS (Thermo Fisher Scientific) at 37°C in a 5% CO 2 incubator, as described in the previous study. 19 The plasmid vectors expressing TRIM2 (TRIM2) or negative control (NC) were constructed by GeneChem (Shanghai, China). A total of 3 µg of TRIM2 or NC plasmid were transfected in each six-well plates with the Lipofectamine ® 2000 reagent (Thermo Fisher Scientific) according to the recommendations of manufacturer.
Cell proliferation analysis
786-O and ACHN cells were first transfected with TRIM2 or NC, and then, the cells were added to a 96-well plate at the density of 3×10 
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low TRiM2 predicts poor survival and promotes tumor progress protocol of manufacturer. After adding each well with 10 µL of CCK-8 solution 2 hours, the OD value was measured at 450 nm. Three independent experiments were conducted in each experiment.
Migratory and invasion assays
Migratory assays were performed as previously described. 20 The cells were homogenizated withdrawing of plasma for 24 hours and, then, cultured 1×10 5 cells/well in 24-well transwell plates with polycarbonate membrane inserts (Corning Incorporated, Corning, NY, USA). In the invasion assays, the membrane was coated with matrigel (Thermo Fisher Scientific) first and cultured with 2×10 5 cells/well. Incubating for 24 hours, the cells were fixed with 100% methanol, then stained with 0.05% crystal violet, and counted five random fields. Three independent experiments were conducted in each experiment.
Western blotting
Tissues and cells were pyrolysised in protein lysis system containing RIPA (Wuhan Boster Biological Technology, Ltd.), protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN, USA), and phenylmethylsulfonyl fluoride (PMSF) (Wuhan Boster Biological Technology, Ltd.). Concentrations of protein were measured using the bicinchoninic acid kit (Beyotime Institute of Biotechnology, Haimen, China) at 562 nm. A total of 30 µg of proteins were subjected to SDS-PAGE and, then, separated and transferred to polyvinylidene fluoride (PVDF) membranes (EMD Millipore, Billerica, MA, USA) for 90 minutes. After transferred to PVDF membranes, the proteins were blocked in PBS with 5% nonfat milk for 1 hour and then incubated with antibodies against TRIM2 (1:1,000; A14394; ABclonal Biotech Co., Ltd.) and GAPDH (1:2,000; BM3876; Wuhan Boster Biological Technology, Ltd.) at 4°C overnight. The membranes were washed and incubated with secondary antibodies (1:5,000; BA1020; Wuhan Boster Biological Technology, Ltd.) on the next day at room temperature for 2 hours. Finally, the membranes were washed and, then, detected by ChemiDoc-XRS+ (Bio-Rad Laboratories Inc., Hercules, CA, USA).
Bioinformatics analysis
The RNA-seq data of ccRCC patients (TCGA-KIRC) and the clinical information of patients were obtained from the Xena Functional Genomics Explorer (https://xenabrowser. net/heatmap/) of the University of California Santa Cruz. 21 GSEA was used to understand the TRIM2 pathway involved in the ccRCC pathogenesis of TCGA-KIRC (http://www. broadinstitute.org/gsea). 22 Nominal P<0.05 and false discovery rate <25%, which was following the performance of 1,000 permutations, had considered to be significantly enriched for enriched gene sets analysis.
statistical analyses
The RNA result data of paired samples were analyzed by paired sample t-test, and unpaired samples were analyzed by one-way ANOVA or t-test. Area under the curve (AUC) and receiver operator characteristic (ROC) curve were used to distinguish the clinical classifications, overall survival (OS) good (≥5 years, alive) and OS poor (≤2 years, dead) and disease-free survival (DFS) good (≥5 years, disease free) and DFS poor (≤2 years, recurred/progressed). The Kaplan-Meier (KM) curve evaluated survival rate and expression level of TRIM2 with log-rank test. Prognostic significance of TRIM2 was analyzed by univariate and multivariate Cox proportional hazard regressions in ccRCC. P<0.05 was considered to be statistically significant. All statistical analyses were performed using the SPSS Statistics 22.0 (IBM Corporation, Armonk, NY, USA).
Results
TRIM2 is significantly downregulated and associated with various clinicopathological parameters in TCgaKiRC
We investigated TRIM2 mRNA expression levels in ccRCC cancer tissues and corresponding normal tissues of TCGA-KIRC. Detailed clinicopathological information of these ccRCC patients is presented in Table 1 . TRIM2 relative expression ranged from 9.7489 to 13.3865 in normal tissues and 5.2964 to 14.5911 in tumor tissues. The expression of TRIM2 was significantly lower in ccRCC tissues than in corresponding noncancerous normal tissues ( Figure 1A ). Similar result was showed in 72 paired ccRCC tissues and corresponding noncancerous normal tissues ( Figure 1B) . Significantly lower TRIM2 expression was found in T stage IV and III, when contrasted to T stage I and II ( Figure 1C) ; furthermore, lower TRIM2 expression was found in T stage IV or III compared with T stage I or II, and the same result was showed in T stage IV compared with T stage III ( Figure  1D ). Meanwhile, the lower level of TRIM2 was associated with grade stage and pathological TNM stage in ccRCC patients ( Figure 1E-H) , but the expression of TRIM2 was not significantly associated with gender, age, or lymph node metastasis (data not shown). These data indicated that the TRIM2 expression is downregulated and its expression was significantly associated with various clinicopathological parameters in ccRCC.
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We first confirmed that the TRIM2 expression was downregulated in cancer tissues and associated with various clinicopathological parameters. Then, we identified whether expression of TRIM2 in ccRCC contributed to disease progression. Statistical analysis of TCGA-KIRC showed that patients with metastasis had a lower level of TRIM2 expression ( Figure 2A ). The database revealed that significantly lower TRIM2 expression in dead ccRCC patients than in alive ccRCC patients ( Figure 2B ). To explore the prognostic significance of TRIM2, we compared TRIM2 mRNA level between recurrence and disease free of ccRCC patients and the TRIM2 mRNA expression was significantly higher in disease-free ccRCC ( Figure 2C ). Moreover, the TRIM2 mRNA level was able to classify good or poor prognosis in OS and DFS time of ccRCC patients ( Figure 2D and E), indicating that lower TRIM2 predicts poor prognosis of ccRCC and it may be a potential prognostic indicator for ccRCC.
The association between TRiM2 and diagnostic value in ccRCC
As lower TRIM2 predicts poor prognosis of ccRCC, then we investigated the diagnostic value of TRIM2. ROC curves were analyzed the clinicopathological parameters with TRIM2. TRIM2 could sufficiently discriminate ccRCC with the AUC of 0.9537 (95% CI: 0.9318-0.9757; P<0.0001) from normal tissues ( Figure 3A) , and it could effectively distinguish ccRCC with the AUC of 0.9632 (95% CI: 0.9273-0.9991; low TRiM2 expression correlated with poor DFs in ccRCC
As the results showed, TRIM2 could be an independent prognostic indicator of OS and, then, we tested the prognostic value of TRIM2 expression and DFS of patients with ccRCC. Based on the median expression value of TRIM2 mRNA, 421 patients from TCGA-KIRC were divided into two groups. The poor DFS patients had a low TRIM2 expression ( Figure 5A , P<0.0001), and TRIM2 expression analysis indicated that TRIM2 could be a potential prognostic factor for ccRCC patients with female ( Figure 5B 
TRiM2 was downregulated in RCC cells and involved in biological pathogenesis of ccRCC
As TRIM2 was downregulated and significantly associated with various clinicopathological parameters in TCGA-KIRC database, we also confirmed this observation in RCC cells ( Figure 6A ) and Western blotting confirmed that the protein level of TRIM2 was downregulated in RCC cells ( Figure  6B ). Then, we tested TRIM2 expression in ccRCC patient samples by qRT-PCR and IHC ( Figure 6C and D) . These results revealed that TRIM2 mRNA and protein levels from RCC cells and cancer tissues were significantly lower than immortalized normal renal epithelial cells and corresponding noncancerous renal tissues. 
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low TRiM2 predicts poor survival and promotes tumor progress GSEA, which was a computational tool to determine whether a gene set had statistically significant between two biological statuses, was used to elucidate whether TRIM2 involved in ccRCC pathogenesis. The results demonstrated that the expression of TRIM2 expression was associated with the gene signatures of G2M checkpoint, EMT, hypoxia pathway, and Myc signaling ( Figure 6E ).
TRiM2 represses migration, invasion, and proliferation capabilities of renal cancer cells
As we demonstrated that the expression of TRIM2 was associated with the gene signatures of G2M checkpoint and EMT in Figure 6 , we evaluated the functional role of TRIM2 in ccRCC by the overexpression of TRIM2 in RCC cell lines. The mRNA and protein levels of TRIM2 expression were tested in 786-O and ACHN cells after transfecting cancer cells with plasmid vectors expressing TRIM2 or NC ( Figure 7A and B) . Overexpression of TRIM2 significantly repressed the migration and invasion abilities by transwell assays when compared with NC group (Figure 7C and D) , and furthermore, the proliferation of 786-O and ACHN cells was markedly inhibited in transfection with TRIM2 compared to NC group ( Figure 7E and F) . These results demonstrated that TRIM2 may act as a tumor suppressor in ccRCC cells.
Discussion
RCC is a common and lethal urological malignancy in adults. ccRCC is accounting for ~80% of all RCC histological subtype and has the highest rate of mortality, invasion, metastasis, and resistance to traditional radiotherapy and chemotherapy. The present study reports the role of TRIM2 expression in clinical significance and biological functions of ccRCC for the first time. Accumulating experimental evidence demonstrated that 1) TRIM2 expression was significantly decreased in ccRCC and was inversely associated with high T stage, TNM stage, and grades in TCGA-KIRC cohort, 2) lower TRIM2 expression level was an independent predictor of poor prognosis of OS and DFS in TCGA dataset, 3) GSEA demonstrated that lower TRIM2 expression was associated with the gene set of G2M checkpoint, EMT, hypoxia pathway, and Myc signaling, and 4) overexpression of TRIM2 suppressed cell migration, invasion, and proliferation capabilities of 786-O and ACHN RCC cells. 
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Recent studies confirmed that the TRIM protein was an important regulator of carcinogenesis. TRIM2 was verified as a TRIM-NHL protein, and it could regulate cell death by interacting with B-cell lymphoma 2-interacting mediator (Bim). 23 Studies focused on different types of carcinoma had indicated that TRIM2 had been detected to be significantly differentially expressed in ovarian cancer, breast cancer, cervical carcinoma, buccal mucosa carcinoma, and follicular carcinoma. [24] [25] [26] [27] [28] In a study of thyroid cancer, TRIM2 had higher expression in the nonaggressive follicular thyroid carcinomas than in the aggressive follicular thyroid carcinomas. 24 TRIM2 was an important feasible gene for the observation of occurrence, development, and prognosis at all stages of buccal mucosa cancer. 25 However, some certain studies showed the opposite results with the expression of TRIM2 found to be upregulated in ovarian and breast cancers. 26, 27 The bias between different types of cancer suggests that TRIM2 is an important gene involved in the pathogenic process of cancer by different mechanisms and microenvironments. The dysfunction of TRIM2 may be one of the factors involved in the occurrence and development of ccRCC to a certain extent, and the association between TRIM2 and renal cancer has not been reported.
Normal function of von Hippel-Lindau tumor suppressor, which could deregulate hypoxia-inducible transcription factor (HIF) loss, was one of the most pathogens in ccRCC, and HIF-2a acting as an important oncogene could promote renal tumor growth. [29] [30] [31] [32] Previous studies indicated that TRIM2 functions as a direct regulator to Bim degradation in TAM-resistant breast cancer cells and ovarian cancer, 26, 27 and GSEA demonstrated that low TRIM2 expression was associated with the hypoxia signaling pathways in patients with ccRCC; it may be hypothesized that TRIM2 could negatively regulated hypoxia signaling pathways, or even deregulated HIF expression in ccRCC; further experiments need to be verified this. Cancer progression by endowing cancer cells with a more motile and invasive phenotype is critical based on EMT. 33, 34 GSEA demonstrated that lower TRIM2 expression was associated with the gene signatures of EMT, and it may be hypothesized that TRIM2 could negatively regulated EMT in ccRCC. Overexpressing TRIM2 represses migration, invasion, and proliferation capabilities of 786-O and ACHN renal cells. Myc protein regulates the expression of genes, which control the cell cycle progression and cell metabolism and then enhances the cell proliferation and growth. 10, 35 GSEA demonstrated that lower TRIM2 expression was associated with the gene signatures of G2M checkpoint and Myc signaling, and it may reveal that TRIM2 could negatively control cell cycle progression and inhibition of myc signaling in ccRCC.
The present study is the first research indicating the functional role of TRIM2 in ccRCC tumor progression, tumorigenesis, and malignant. The present results also demonstrated that TRIM2 may act as a potential novel efficacious biomarker to predict the prognosis of patients with ccRCC. However, whether TRIM2 could deregulate HIF expression and the exact mechanism of TRIM2 in ccRCC progression was not investigated.
Conclusion
We investigated the role of TRIM2 in ccRCC progression including TCGA database, GSEA, clinical specimen, and cellular model. Our study demonstrated that TRIM2 expression was significantly downregulated and associated with various clinicopathological parameters. Lower TRIM2 expression was significantly inversely correlated with disease progression, which identified TRIM2 as an independent predictor for prognosis in ccRCC patients and involved in the development of renal cancer. Further in vitro experiment verified that overexpressing TRIM2 inhibited ccRCC cells' proliferation and malignant. All of this study provided clues to understand the potential role of TRIM2 in ccRCC and indicated that upregulating TRIM2 may play a new avenue therapeutic strategy for manipulating and managing patients with ccRCC. 
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